Putzke JD, Richards JS, Devivo MJ: Gunshot versus nongunshot spinal cord injury: acute care and rehabilitation outcomes. Am J Phys Med Rehabil 2001; 80:366 -370. Objective: To examine the impact of gunshot-caused spinal cord injury on acute and rehabilitative care outcome using a case control design.
Overthel ast several decades, spinal cord injury (SCI) caused by gunshot has becoming increasingly common. 1, 2 Gunshot has become the third most common cause among the general SCI population, and is the most common cause of SCI among minority groups. 3 Several comparative studies among individuals with gunshot vs. nongunshot SCI have examined acute-and rehabilitative-care outcomes. Studies 4, 5 of acute-care treatment have shown an increased length of stay (LOS) among individuals with SCI caused by gunshot; however, others 6, 7 have found little or no difference. Studies examining rehabilitative care among individuals with SCI caused by gunshot vs. nongunshot have generally shown little or no difference in the LOS, func-tional outcome, discharge living status (e.g., household, nursing home), or healthcare cost. 4 -8 As compared with the general SCI population, individuals with gunshot etiology of SCI tend to be younger, less educated, and are more likely to be male, single, African-American, unemployed, and have paraplegia with a complete lesion. [5] [6] [7] [8] [9] [10] [11] Thus, one of the primary difficulties identified in comparative studies of individuals with gunshot-vs. nongunshot-caused SCI is adjusting for the numerous differences in demographic and medical characteristics that may influence outcome. More recent studies, 12 not specifically examining SCI caused by gunshot, have used a matching procedure to minimize this concern.
This study was designed to replicate and extend previous research examining the impact of gunshot-caused SCI on acute and rehabilitative care using a more stringent case-control methodology. Two groups (i.e., gunshot and nongunshot-caused SCI) were matched case-for-case on age (i.e., within 10 yr), education, gender, race, marital status, Model System region, primary occupation, and impairment level. Because a majority of studies have not found a difference in outcomes among individuals with gunshot-vs. nongunshot-caused SCI, between-group differences were not expected in LOS, healthcare charges, or change in functional status during acute and rehabilitative care.
METHODS

Participants and Subjects
A total of 4280 individuals admitted within the first day of injury to one of the 18 Department of Education-funded Model Spinal Cord Injury Systems of Care between January 1988 and July 1999 were considered for study. Since the cost of care was of primary interest, only those with either estimated or actual cost data were included in the matching process, leaving a total of 2634 individuals. The data were drawn from the National Spinal Cord Injury Statistical Center database. The 18 Model Systems are geographically dispersed throughout the United States and reflect both urban and rural catchment areas.
The matching procedure attempted to match, case-for-case, an individual from the gunshot etiology group (n ϭ 523) with an individual from the nongunshot group (n ϭ 2111) with respect to age (i.e., within 10 yr), education (11th grade or less, high school, more than high school), gender, race (Caucasian, African-American, and other), marital status (single, married), primary occupational status at the time of injury (working, student, unemployed, and other), and impairment level (paraplegia-complete, paraplegia-incomplete, tetraplegia-complete, and tetraplegia-incomplete). To minimize the impact of regional variation in the charges, the two groups were also matched with respect to Model System region (South, East, Midwest, and West). When two or more matching cases were identified, the matching case was randomly selected. Using these criteria, a total of 212 pairs of cases were matched.
Measures and Procedures
Outcome measures during acute and rehabilitative care included LOS (in days) during acute and rehabilitative treatment; the FIM™-motor component subscale 13 after Rasch conversion 14 ; FIM Efficiency Scores, calculated by dividing change scores (i.e., rehabilitation discharge FIM minus rehabilitation admission FIM) by the LOS; total charges (including physicians' fees) during acute and rehabilitative care in 1998 inflation-adjusted dollars using the Hospital and Related Services component of the Consumer Price Index for urban wage earners and clerical workers; discharge placement; and several medical complications (e.g., ventilator use).
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RESULTS
Demographic characteristics for both groups on the matched variables were as follows: age (M ϭ 27.3 and 28.2, SD ϭ 8.7 and 8.9, gunshot and nongunshot, respectively), education (n ϭ 92 for 11th grade or less, n ϭ 108 high school, n ϭ 9 more than high school), gender (n ϭ 189 males, n ϭ 23 females), race (n ϭ 93 Caucasian, n ϭ 108 African-American, n ϭ 16 other), marital status (n ϭ 176 single, n ϭ 36 married), primary occupation (n ϭ 113 working, n ϭ 28 student, n ϭ 68 unemployed, n ϭ 3 other), level of impairment (n ϭ 52 paraplegia incomplete, n ϭ 77 paraplegia complete, n ϭ 37 tetraplegia incomplete, n ϭ 46 tetraplegia complete), and region (n ϭ 68 South, n ϭ 54 East, n ϭ 70 Midwest, n ϭ 20 West). SCI etiology of the nongunshot group included vehicular (n ϭ 120, 57%), stabbing (n ϭ 13, 6%), sports (n ϭ 15, 7%), falls/flying objects (n ϭ 53, 25%), and pedestrian/ other (n ϭ 11, 5%). Table 1 displays the medical characteristics of the groups. Between-group analyses indicated no differences (P Ͼ 0.05) with regard to ventilator use during System care, closure of pressure ulcers, discharge bladder management, ventilator independence, residence after discharge, or pay source. The gunshotcaused SCI group, however, required significantly fewer spinal surgeries, 2 (2) ϭ 175.40, P Ͻ 0.001, and significantly more laparotomies, 2 (1) ϭ 46.58, P Ͻ 0.001. Table 2 provides a summary of the scores on the various outcome measures across groups. Preliminary analyses of these outcome measures indicated non-normal distributions (i.e., Skewness and Kurtosis statistic Ͻ1.5 or Ͼ1.5) for the LOS and charge variables during both acute and rehabilitative care. The distributions for the FIM scores were well within the normal range. Analysis of variance was used for outcome mea-sures with a normal distribution and the Mann-Whitney test was used for all non-normal outcome measures.
The number of days hospitalized in acute care was similar across groups (P Ͼ 0.05); however, inflation-adjusted charges were significantly less among individuals with SCI caused by gunshot (Mann-Whitney test, P Ͻ 0.001). Charges for rehabilitative care and the total number days in rehabilitation were similar across groups (P Ͼ 0.05). The two groups did not differ (P Ͼ 0.05) with regard to rehabilitation admission and discharge FIM scores, change in FIM scores during rehabilitation, or FIM efficiency scores.
DISCUSSION
Gunshot has become the third leading cause of SCI. 1, 3 Moreover, between 27% and 46% of those with SCI caused by gunshot have multiple gunshot wounds. 4, 7, 10, 15 As may be expected, between 55% and 100% of individuals with gunshot-caused SCI have associated injuries other than to the spinal cord. 16 Taken together, the increased prevalence rate of SCI caused by gunshot and associated treatment costs 17 highlight the importance of research in this area. Consistent with previous research, [5] [6] [7] [8] LOS during acute and rehabilitative care, FIM efficiency and change scores during rehabilitation, and rehabilitation discharge placement were largely unrelated to gunshot etiology of SCI. In contrast, acute-care charges were significantly lower among those with SCI caused by gunshot. In general, individuals with gunshot wounds rarely need spine stabilization surgery. 8 Speculatively, the increased prevalence of spinal surgery among those with nongunshot SCI may, in part, account for the higher charges. However, a more exhaustive list of medical complications and procedures would be needed to determine specific mechanisms related to increased charges, particularly because about 70% of individuals with gunshotcaused SCI undergo at least one nonspinal operative procedure. 18 Interestingly, differing proportions of indigent and Medicaid payer sources were not found between groups. 5 This finding is likely sample-specific in that a majority of the individuals included in this study reported being employed at the time of injury, which is in contrast to most samples of gunshot-caused SCI individuals. 6 After controlling for several demographic and medical characteristics associated with gunshot etiology of SCI, it seems that once an individual is stabilized and enters rehabilitative care, SCI caused by gunshot is largely unrelated to outcome. In a similar fashion, postrehabilitative outcome (i.e., number of pressure ulcers, pain, social support, nonroutine clinic visits) among individuals with SCI caused by gunshot has been shown to be predominately determined by the extent of injury, rather than preinjury personality characteristics, or other demographic characteristics generally associated with gunshot etiology of SCI. 8, 11 However, low response rates (i.e., 26% of total sample) limit the extent to which postrehabilitative care findings can be generalized. 8, 11 Others, for instance, have noted an increased prevalence of pressure sores among those with SCI caused by violence. 8, 19 Moreover, the length of each subsequent rehospitalization tends to increase over time among individuals with SCI caused by violence as compared with individuals with nonviolent etiology of SCI. 19 
LIMITATIONS
There are some important limitations to consider. First, the participants were selected based on the availability of a matching case, rather than with regard to a stratified sampling of the SCI population. Therefore, the absolute values of the outcome measures assessed may not generalize to the overall SCI population. In this regard, the conclusion of the current study is rather circumscribed. That is, all other characteristics being equal (i.e., the controlled factors), gunshot etiology of SCI seems largely unrelated to acute-and rehabilitative-care outcome. Although possibly circumscribed in conclusion, the matching of multiple demographic and medical characteristics substantially increases the internal validity of the study, allowing for a more accurate determination of the specific impact of gunshot etiology vs. a variety of other factors on acute and rehabilitative outcome. Second, and most importantly, only a limited range of outcome measures was employed (e.g., LOS, healthcare cost, FIM, and discharge placement). Thus, it has yet to be determined the extent to which SCI caused by gunshot is associated with functioning across a broad range of quality of life (QOL) domains. QOL is generally considered to be a multidimensional construct, primarily based on a person's subjective appraisal of his or her physical, functional, emotional, and social well-being. 20 In the only gunshot-caused SCI study to incorporate an additional QOL measure, a lower self-reported satisfaction with life was reported among individuals with gunshot etiology SCI as compared with the normative data from a general medical population. 21 Unfortunately, the lack of a nongunshotcaused SCI comparison group limits the extent to which these findings can be generalized to the overall SCI population. Future studies examining a more extensive range of QOL Note: Effect-size estimates generated using the pooled SD. a P Ͻ0.001
